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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/609,360, filed Jan. 29, 20135, which claims
priority to and the benefit of Korean Patent Application No.
10-2014-0027428, filed Mar. 7, 2014 and Korean Patent
Application No. 10-2014-0063822, filed on May 27, 2014,
the entire content of all of which 1s incorporated herein by
reference.

BACKGROUND

1. Field

One or more embodiments of the present invention relate
to a display device and a method of manufacturing the same.

2. Description of the Related Art

In the display field, a display device using a flexible
substrate that 1s light-weight and thin, and has excellent
impact resistance 1s being developed. A display device using
a flexible substrate may be manufactured by cutting a
mother glass such that a plurality of display devices may be
manufactured from a mother glass. For example, a display
substrate may be cut along cutting lines by using a press to
separate the substrate for individual display devices.

However, when the display substrate 1s cut by physical
pressure, such as a press, regions around the cutting lines
may be burred or distorted. Due to such a burr or distortion,
layers on the display substrate may be detached or cracked,
which may cause a line disconnection. Also, while cutting,
the display substrate, layers on the display substrate around
the cutting lines may be separated, and thus reliability of the
display device may deteriorate.

Accordingly, attempts to expose the display substrate by
removing layers from the display substrate around the
cutting lines have been made. However, when a remaining
metal film exists 1n a stepped portion formed by removing
the layers around the cutting lines, a short may be generated
as the remaining metal {ilms are electrically coupled to lines
included 1n a circuit board on which an external circuit is
mounted while coupling the circuit board to pads formed in
the display substrate.

SUMMARY

One or more embodiments of the present invention
include a display device using a flexible substrate, and a
method of manufacturing the same.

One or more embodiments of the present invention relate
to a display device using a flexible substrate, and a method
of manufacturing the same.

Additional aspects will be set forth 1n part 1n the descrip-
tion which follows and, 1n part, will be apparent from the
description, or may be learned by practice of the presented
embodiments.

According to one or more embodiments of the present
invention, a display device includes: a central area having a
display area on a substrate; a peripheral area around the
central area; a plurality of pads arranged along one direction
in the central area; a plurality of insulating patterns adjacent
the plurality of pads; and a slit between the plurality of
insulating patterns in the peripheral area, wherein the slit 1s
formed by removing at least a portion of an insulating
material of the plurality of msulating patterns.
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2

The plurality of pads may each include an extension line,
and the plurality of isulating patterns may overlap the
extension lines.

The plurality of insulating patterns may include an 1nor-
ganic material.

The display device may further include an organic film
covering an uppermost surface and at least one region of a
side surface of the plurality of insulating patterns.

The peripheral area may include a region exposing a top
surtace of the substrate.

The peripheral area may include a pad peripheral area
adjacent to the plurality of pads and comprises the plurality
of 1nsulating patterns and the slit, and the region exposing
the top surface of the substrate may be adjacent to the pad
peripheral area.

The region exposing the top surface of the substrate may
be adjacent to an edge of the substrate.

An edge of the substrate may be defined by a cutting line.

At least one mnorganic film may be 1n a central area of the
substrate.

The plurality of insulating patterns may have a shape

coupled to the at least one mnorganic film.

The plurality of pads may be on the at least one 1norganic
f1lm.

The at least one 1norganic film may include a plurality of
layers.

The plurality of insulating patterns may include a plurality
ol 1norganic patterns stacked on each other.

The plurality of insulating patterns may include a first
inorganic pattern, and a second morganic pattern on the first
inorganic pattern.

A top surface of the first morganic pattern may be
completely covered by the second inorganic pattern.

A top surface of the first morganic pattern may have an
exposed region.

The display device may further include an organic film
covering at least a top surface and a side surface of the
second 1norganic pattern of the plurality of insulating pat-
terns.

A first mnorganic film may be between the plurality of
insulating patterns and the substrate.

A groove may be formed 1n a region of the first inorganic
f1lm that 1s removed such that a groove 1s formed 1n a region
of the first 1norganic film overlapping the slit.

The display device may further include an organic film
covering at least a top surface and a side surface of the
plurality of msulating patterns while not covering a portion
of the first 1norganic film corresponding to the slit.

The display device may further include, in the central
area: a bufler film on the substrate; and a plurality of
thin-film transistors (TFTs) on the bufler film and compris-
ing an active layer, a gate electrode, a source electrode, and
a drain electrode, and at least one insulating film may be
adjacent to at least one of the active layer, the gate electrode,
the source electrode, and the drain electrode, and the plu-
rality of insulating patterns may be a same material as the at
least one insulating film.

The plurality of mnsulating patterns and the at least one
insulating film may be coupled to each other.

The at least one msulating film may include at least one
of a bufler film formed on the substrate, a gate isulating
layer msulating the gate electrode and an active layer, or an
interlayer dielectric film insulating the source and drain
clectrodes and the gate electrode.

The at least one mnsulating film may include at least one
of a bufler film formed on the substrate, a gate msulating
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layer msulating the gate electrode and an active layer, or a
passivation film formed on the source and drain electrodes.

The display device may further include an organic film
covering the plurality of TFTs, wherein the organic film
covers at least one region of an uppermost surface and a side
surface of the plurality of insulating patterns.

The display device may further include: a pixel electrode
clectrically coupled to at least one of the plurality of TFTs;
and a pixel-defining film covering a portion of the pixel
clectrode and defining an emission region, wherein the
pixel-defining film covers at least one region of an upper-
most surface and a side surface of the plurality of mnsulating,
patterns.

The display device may further include a counter elec-
trode facing the pixel electrode, and an organic emission
layer may be between the pixel electrode and the counter
clectrode.

The substrate may include a flexible matenial.

The display device may further include: dummy insulat-
ing patterns spaced apart from the plurality of insulating
patterns, wherein the dummy insulating patterns do not
correspond to the plurality of pads; and a dummy slit
between the dummy insulating patterns, wherein a portion of
the dummy insulating patterns 1s removed 1n the peripheral
area to form the dummy slit.

An angle formed by an extension line of the plurality of
pads and an edge of the substrate may be smaller or larger
than 90° such that the plurality of pads have a slant shape,
and an angle formed by an extension line of the slit and the
edge of the substrate may be smaller or larger than 90° such
that the slit has a slant shape.

The angle formed by the extension line of the plurality of
pads and the edge of the substrate may be the same as the
angle formed by the extension line of the slit and the edge
of the substrate.

The display device may further include a circuit board on
which an external circuit 1s mounted such that an electric
signal 1s transmitted to the display area, and a plurality of
wires of the circuit board may be coupled to the plurality of
pads.

The plurality of wires of the circuit board may be on the
plurality of insulating patterns, and may be spaced apart
from the slit.

According to some embodiments of the present invention,
in a method of manufacturing a display device, the display
device including a central area having a display area on a
substrate, and a peripheral area around the central area, the
method includes: forming, in the central area, a plurality of
pads along one direction; forming, mm a region of the
peripheral area adjacent to the plurality of pads, a plurality
of insulating patterns corresponding to the plurality of pads;
and forming a slit between the plurality of insulating pat-
terns by a portion of an insulating material of the plurality
ol 1nsulating patterns.

The method may further include forming an inorganic
film 1n a central area of the substrate, and the plurality of
insulating patterns may include the morganic film.

The at least one 1morganic film may include a plurality of
layers.

The method may further include: forming the plurality of
insulating patterns spaced apart from each other across the
slit by patterning a layer comprising at least an uppermost
layer from among the plurality of layers of the mnorganic
film; and after forming the plurality of insulating patterns,
tforming the plurality of pads on any one of the plurality of
layers of the morganic film.
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The method may further include, after forming the plu-
rality of pads, removing a layer comprising at least a
lowermost layer of the plurality of layers of the mmorganic
film, 1n a region corresponding to the slit.

The peripheral area may include a region exposing a top
surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
the embodiments, taken 1n conjunction with the accompa-
nying drawings in which:

FIG. 1 1s a plan view schematically illustrating a display
device according to an embodiment of the present invention;

FIG. 2 1s an enlarged plan view of the region II of FIG.
1

FIG. 3 1s a cross-sectional view taken along the line a-a'
of FIG. 2, according to an embodiment of the present
invention;

FIG. 4 1s a plan view schematically illustrating a display
device according to another embodiment of the present
invention;

FIGS. 5 through 14 are cross-sectional views taken along
the line a-a' of FIG. 2, according to other embodiments of the
present 1nvention;

FIGS. 15 and 16 are enlarged plan views of modified
examples of FIG. 2;

FIGS. 17 through 25 are cross-sectional views for
describing a method of manufacturing the display device of
FIG. 1 based on the line b-b' of FIG. 1, according to an
embodiment of the present invention;

FIGS. 26 and 27 are cross-sectional views for describing
a method of manufacturing the display device of FIG. 1
based on the line b-b' of FIG. 1, according to another
embodiment of the present invention;

FIGS. 28 through 31 are cross-sectional views for
describing a method of manufacturing the display device of
FIG. 1 based on the line b-b' of FIG. 1, according to another
embodiment of the present invention;

FIG. 32 1s a plan view schematically illustrating a display
device according to a comparative example;

FIG. 33 1s an enlarged plan view of the region VII of FIG.
32;

FIG. 34 1s a plan view schematically illustrating a display
device according to an embodiment of the present invention;

FIG. 35 1s an enlarged plan view of the region IX of FIG.
34: and

FIG. 36 1s a cross-sectional view taken along the line Q-Q)'
of FIG. 35.

DETAILED DESCRIPTION

Retference will now be made 1n some detail to embodi-
ments, examples of which are 1llustrated 1n the accompany-
ing drawings, wherein like reference numerals refer to like
clements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the figures, to explain aspects of the present
description.

It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another.
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As used herein, the singular forms *“a,” “an,” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise.

It will be further understood that the terms “include”
and/or “including” used herein specify the presence of stated
teatures or components, but do not preclude the presence or
addition of one or more other features or components.

It will be understood that when a layer, region, or com-
ponent 1s referred to as being “formed on,” another layer,
region, or component, 1t can be directly or indirectly formed
on the other layer, region, or component. That 1s, for
example, intervening layers, regions, or components may be
present.

S1zes of elements 1n the drawings may be exaggerated for
convenience of explanation. In other words, because sizes
and thicknesses of components 1n the drawings are arbi-
trarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

In the following examples, the x-axis, the y-axis, and the
z-axis are not limited to three axes of the rectangular
coordinate system, and may be interpreted in a broader
sense. For example, the x-axis, the y-axis, and the z-axis
may be perpendicular to one another, or may represent
different directions that are not perpendicular to one another.

When a certain embodiment may be implemented differ-
ently, a specific process order may be performed differently
from the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed 1n an order opposite to the described
order.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.
Expressions such as “at least one of,” when preceding a list
of elements, modily the entire list of elements and do not
modity the individual elements of the list.

FIG. 1 1s a plan view schematically illustrating a display
device 1000 according to an embodiment of the present
invention. FIG. 2 1s an enlarged plan view of the region 11
of FIG. 1, and FIG. 3 1s a cross-sectional view taken along
the line a-a' of FIG. 2, according to an embodiment of the
present invention.

Referring to FIG. 1, the display device 1000 includes a
substrate 100, according to some embodiments. The sub-
strate 100 may be formed of any suitable substrate material,
for example, the substrate 100 may be formed of glass, a
metal, or another organic material.

In some embodiments, the substrate 100 may be formed
of a flexible material such that the substrate 100 may be a
flexible substrate that i1s easily bent, curved, folded, or
rolled. For example, the substrate 100 may be formed of
ultra-thin glass, metal, or plastic. When plastic 1s used, the
substrate 100 may be formed, for example, of polyimide
(PI), but a material of the substrate 100 1s not limited thereto
and may vary to include any other suitable tlexible substrate
material.

A plurality of the display devices 1000 may be formed on
a mother glass, and an idividual display device 1000 may
be obtained by cutting the substrate 100 along a cutting line
CL. FIG. 1 1illustrates the individual display device 1000
separated by cutting the substrate 100 along the cutting line
CL. Accordingly, an edge of the substrate 100 1s defined by
the cutting line CL.

The substrate 100 1s divided into a peripheral area PA and
a central area CA. The peripheral area PA 1s an area around
or adjacent the cutting line CL, and the central area CA 1s an
area 1nside the peripheral area PA.
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However, the current embodiment 1s not limited thereto.
For example, the cutting line CL may not exist. In other
words, one display device 1000 may be formed in one
mother glass, and 1n this case, the substrate 100 may be the
one mother glass, and thus there may be no cutting line CL.
At this time, the peripheral area PA 1s an area adjacent to an
edge of the substrate 100, and the central area CA may be an
areca 1nside the peripheral area PA. For convenience of
description, one or more embodiments described hereinafter
include the cutting line CL.

The central area CA includes a display area DA and a
non-display areca NDA.

The display area DA may include at least one display
clement for displaying an image, for example, at least one
organic light-emitting device (OLED). Also, the display area
DA may include a plurality of pixels.

The non-display area NDA 1s located around the display
area DA. As shown 1n FIG. 1, the non-display area NDA
may be formed to surround the display area DA. Although
not 1llustrated, 1n some embodiments, the non-display area
NDA may be formed adjacent to a plurality of side surfaces
of the display area DA. In some embodiments, the non-
display areca NDA may be formed adjacent to a side surface
of the display area.

The non-display area NDA includes at least a pad area
PDA.

A dniver or a plurality of pads 106« are arranged in the pad
arca PDA.

In some embodiments, at least one 1norganic film may be
formed in the central area CA so as to prevent moisture or
impurities from penetrating into the display device 1000
through the substrate 100.

The peripheral area PA 1s an area around the cutting line
CL, and located on a circumierence of the substrate 100
along the cutting line CL.

At least one region of the peripheral area PA includes a
region where a top surface of the substrate 100 1s exposed,
and a pad peripheral area PPA.

First, the region of the peripheral area PA where the top
surface of the substrate 100 1s exposed will be described.

As shown in FIG. 1, the peripheral area PA may include
the region where the top surface of the substrate 100 1s
exposed at regions near an upper edge, a left edge, and a
right edge of the substrate 100.

The region of the peripheral area PA where the top surface
of the substrate 100 1s exposed prevents a crack from
spreading by an 1nsulating film, for example, 1norganic films
on the substrate 100, while cutting and separating the
individual display device 100 from a mother glass.

A width of the region of the peripheral area PA where the
top surface of the substrate 100 1s exposed may range from
about several micrometers to hundreds of micrometers, from
the cutting line CL to the central area CA. For example, the
width may range from 40 to 500 micrometers, or from 50 to
350 micrometers.

In some embodiments, the peripheral area PA may not
include the region where the top surface of the substrate 100
1s exposed. In other words, the peripheral area PA may only
include the pad peripheral area PPA that 1s described below,
and may not expose the top surface of the substrate 100 at
a region near the edge of the substrate 100.

The pad peripheral area PPA of the peripheral area PA will
now be described.

The pad peripheral area PPA 1s a region adjacent to the
pad areca PDA from the peripheral area.

In some embodiments, assuming that a circuit board 200
of FIG. 32 on which an external circuit 1s mounted, for
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example a chip-on-film (COF), 1s bonded to the pad 1064,
the pad peripheral area PPA may be an area overlapped by
the circuit board 200.

The pad peripheral areas PPA are located correspondingly
to at least the plurality of pads 106a.

The pad peripheral area PPA includes an insulating pattern
IP. The insulating patterns IP are arranged correspondingly
to the pads 106a, and are spaced apart from each other across
a slit S.

The 1nsulating pattern IP 1s arranged to overlap an exten-
sion line of the pad 106a. Accordingly, when a wire of a
circuit board 1s coupled to the pad 106a, the wire 1s arranged
on a top surface of the insulating pattern 1P, and thus the wire
1s prevented (or substantially prevented) from contacting an
impurity on the substrate 100, for example, a remaining
metal film or a metal particle, thereby preventing (or sub-
stantially preventing) istances of a short circuit.

In some embodiments, an eflect of preventing a short
circuit may be increased by disposing the extension line of
the pad 106a to be spaced apart from the slit S.

Such an eflfect will be described 1n more detail later with
reference to accompanying drawings.

In FIGS. 2 and 3, the msulating pattern IP located in the
pad peripheral area PPA 1s described 1n more detail.

FI1G. 2 illustrates a portion of the pad area PDA where the
pad 1064 1s located, and a portion of the pad peripheral area
PPA adjacent to the pad area PDA. The plurality of pads
106a are formed on the substrate 100.

Here, as described above, in some embodiments, at least
one morganic film may be formed in the central area CA on
the substrate 100, and at this time, the 1norganic film may be
formed 1n the pad area PDA, or the pad 106a may be formed
on the inorganic film of the pad area PDA.

The pads 106a are arranged 1n one direction while being
spaced apart from each other at predetermined intervals. In
some embodiments, the pads 106a may be arranged 1n a
width direction (an x-axis direction of FIG. 2) of each pad
106a.

The plurality of insulating patterns IP are arranged 1n the
pad peripheral area PPA. As described above, in some
embodiments, at least one inorganic film may be formed 1n
the central area CA on the substrate 100, and at this time, the
plurality of insulating patterns IP may be coupled to the
inorganic film of the pad area PDA. However, the current
embodiment 1s not limited thereto, and the insulating pattern
IP may be formed separately from the inorganic film formed
in the central area CA.

The insulating patterns IP may be arranged 1n a row 1n a
direction corresponding to the plurality of pads 106a. The
insulating patterns IP may be formed of an 1norganic mate-
rial. When the insulating pattern IP 1s coupled to the at least
one morganic film formed 1n the central area CA according
to some embodiments described above, the msulating pat-
terns IP protrude from the pad area PDA towards the pad
peripheral area PPA, and are respectively arranged at loca-
tions corresponding to the plurality of pads 106a. In other
words, each insulating pattern IP 1s located at a location
where each pad 106a extends 1n a length direction (a
y-direction of FIG. 2).

The slit S 1s arranged between the adjacent insulating
patterns IP, and the insulating patterns IP are spaced apart
from each other across the slit S. Here, the slit S may be a
narrow and long slit, and may be a type of opening that
exposes a top surface of the substrate 100 or a type of
opening that exposes an morganic film having a top surface
lower than that of the insulating pattern IP according to one
or more embodiments that will be described later.
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Retferring to FIG. 3, the slit S 1s a type of opening that
exposes the top surface of the substrate 100. In FIG. 3, the
insulating patterns IP are spaced apart from each other
across the slit S that exposes the top surface of the substrate
100.

The msulating pattern IP sequentially includes, from the
substrate 100, a first inorganic pattern 101P and a second
inorganic pattern 102P. The second 1norganic pattern 102P
has a structure in which a plurality of inorganic pattern
layers 103P and 103P are stacked on each other. The
insulating pattern IP shown in FIG. 3 1s only an example, and
thus the current embodiment 1s not limited thereto and may
include the insulating pattern IP having any structure. For
example, the insulating pattern IP may include only one
layer, two layers, or at least four layers.

Also, as described above, 1n some embodiments, at least
one morganic film may be formed in the central area CA on
the substrate 100, and at this time, the plurality of insulating
pads IP may be coupled to an mnorganic film of the pad area
PDA.

In other words, the first and second inorganic patterns
101P and 102P that are sequentially stacked 1n the insulating
pattern IP may be respectively coupled to inorganic films
that are sequentially formed in the pad area PDA.

Also, 1n some embodiments, various morganic films may
be formed 1n the display area DA of the central area CA. In
other words, the plurality of insulating pads IP may be
formed to be coupled to at least one of a bufler film
adjacently formed on the substrate 100, and a gate insulating
layer, an interlayer dielectric film, a passivation film, and
other various msulating films, which may be included 1n a
thin-film transistor (TFT) for driving a pixel.

The first morganic pattern 101P may be arranged 1n the
central area CA to tlatten the top surface of the substrate 100,
and may include a pattern of a bufler film operating as a
barrier so as to prevent (or substantially prevent) moisture or
impurity penetration through the substrate 100. Also, the
second 1organic pattern 102P may be arranged in the
central area CA, and may include the inorganic pattern layer
103P of a gate insulating layer for insulating an active later
and a gate electrode of a TFT from each other, and the
inorganic pattern layer 105P of an interlayer dielectric film
for msulating the gate electrode and source and drain
clectrodes from each other. Details thereof will be described
later.

In an embodiment of FIG. 3, the insulating pattern IP has
a side end surface 1n which a top surface of the first inorganic
pattern 101P 1s completely covered by the second 1mnorganic
pattern 102P. In other words, a side end surface of the first
inorganic pattern 101P and a side end surface of the second
inorganic pattern 102P may be located on the same line.

However, FIG. 3 1s only an example and the current
embodiment may have various modified examples. For
example, a side end surface of the first imorganic pattern
101P and a side end surface of the second 1norganic pattern
102P may be located on the same inclined line. As another
example, the side end surface of the first morganic pattern
101P and the side end surtace of the second 1norganic pattern
102P may not be located on the same line. In some cases, a
width of the first inorganic pattern 101P may be smaller than
that of the second inorganic pattern 102P.

FIG. 4 15 a plan view schematically illustrating a display
device 2000 according to another embodiment of the present
invention.

The display device 2000 according to the current embodi-
ment 1ncludes a peripheral area PA and a central area CA on
a substrate 200, wherein the central area CA includes a
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display area DA and a non-display area NDA, and the
peripheral area PA includes at least a pad peripheral area
PPA.

For convenience of description, diflerences between the
display devices 1000 and 2000 will be mainly described.

The pad peripheral area PPA 1ncludes insulating patterns
IP and dummy insulating patterns DIP.

The insulating patterns IP are formed correspondingly to
pads 2064, and are spaced apart from each other across a slit
S.

The dummy insulating patterns DIP do not correspond to
the pads 2064, and are spaced apart from each other across
a dummy shit DS.

The 1nsulating pattern IP 1s arranged to overlap an exten-
sion line of the pad 206a. Accordingly, when a wire 1s
coupled to the pad 206a, the wire 1s prevented (or substan-
tially prevented) from contacting an impurity or contami-
nants, such as remaining metal {ilm or metal particles, on the
substrate 200, thereby blocking or reducing instances of a
short circuit.

The dummy 1nsulating pattern DIP may cover impurities
or particles remaining while forming various components on
the substrate 200, and thus a defect caused by the impurities
may be prevented or substantially prevented. Also, the
dummy insulating pattern DIP and the dummy slit DS may
perform a stress reliel function when the display device
2000 including the substrate 200 1s deformed, for example,
bent or folded.

Because other components of the display device 2000 are
substantially similar those of the display device 2000
described above, some further details about the display
device 2000 will not be repeated.

FIGS. 5 through 14 are cross-sectional views taken along
the line a-a' ol FIG. 2, according to other embodiments of the
present mvention.

According to an embodiment of FIG. 5, the slit S 1s a type
of opening that exposes the top surface of at least the
substrate 100. In the embodiment of FIG. 5, the isulating
pattern IP 1s spaced apart from each other across the slit S
that exposes the top surface of at least the substrate 100.

Meanwhile, like an embodiment of FIG. 3, the msulating
pattern IP includes the first inorganic pattern 101P and the
second 1norganic pattern 102P sequentially from the sub-
strate 100. As described above, i1n some embodiments, at
least one 1norganic film may be formed in the central area
CA on the substrate 100, and at this time, the plurality of
insulating patterns IP may be coupled to the 1norganic film
in the pad area PDA. However, the current embodiment 1s
not limited thereto, and the insulating pattern IP may be
formed separately from the morganic film in the central area
CA.

Examples of forming the first and second inorganic pat-
terns 101P and 102P have been described above. In other
words, the above-described embodiments may be applied to
details about connection relationships with the inorganic
films 1n the central area CA.

Also, the second inorganic pattern 102P may have a
structure 1n which the plurality of inorganic pattern layers
103P and 105P are stacked on each other.

Unlike an embodiment of FIG. 3, the top surface of the
first 1norganic pattern 101P of the insulating pattern IP is
partially exposed i an embodiment of FIG. 5. In other
words, the side end surface of the first inorganic pattern
101P and the side end surface of the second inorganic pattern
102P are not located on the same line, and the second
inorganic pattern 102P only covers a part of the top surface
of the first inorganic pattern 101P.
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In an embodiment of FIG. 5, a remaining metal film may
be left on a region where the top surtace of the first inorganic
pattern 101P 1s exposed, but a short circuit of the pad umit
106a may be prevented.

Referring to an embodiment of FIG. 6, the slit S 1s a type
of opening that exposes a top surface of a first inorganic film
101. In an embodiment of FIG. 6, the mnsulating patterns IP
are spaced apart ifrom each other across the slit S that
exposes the top surface of the first morganic film 101.

Meanwhile, the msulating pattern IP includes the second
inorganic pattern 102P on the first imnorganic film 101. As
described above, 1n some embodiments, at least one 1nor-
ganic film may be formed in the central area CA on the
substrate 100, and at this time, the plurality of insulating
patterns IP may be coupled to the inorganic films 1n the pad
area PDA. However, the current embodiment 1s not limited
thereto, and the 1nsulating patterns IP may be formed sepa-
rately from the mmorganic films 1n the central area CA.

Detailed examples of forming the second inorganic pat-
tern 102P have been described above. In other words, the
above-described embodiments may be applied to details
about coupling relationships with the morganic films 1n the
central area CA. Also, the second inorganic pattern 102P
may have a structure in which the plurality of inorganic
pattern layers 103P and 105P are stacked on each other.

In an embodiment of FIG. 6, the first inorganic film 101
1s formed 1n the pad peripheral area PPA and the insulating
pattern IP only includes the second inorganic pattern 102P,
and thus an operation of patterning the first inorganic film
101 may be omitted, thereby simplifying processes.

Referring to an embodiment of FIG. 7, the slit S 1s a type
of openming that exposes the top surface of the first inorganic
film 101. In an embodiment of FIG. 7, the insulating pattern
IP 1s spaced apart from each other across the slit S that
exposes the top surface of the first morganic film 101.

Meanwhile, the msulating pattern IP includes the second
inorganic pattern 102P on the first imnorganic film 101. As
described above, 1n some embodiments, at least one 1nor-
ganic film may be formed in the central area CA on the
substrate 100, and at this time, the plurality of insulating
patterns IP may be coupled to the inorganic films 1n the pad
area PDA. However, the current embodiment 1s not limited
thereto, and the insulating patterns IP may be formed sepa-
rately from the inorganic films formed 1n the central area
CA.

Detailed examples of forming the second 1norganic pat-
tern 102P have been described above. In other words, the
above-described embodiments may be applied to details
about coupling relationships with the morganic films 1n the
central area CA. Also, the second inorganic pattern 102P
may have a structure in which the plurality of inorganic
pattern layers 103P and 105P are stacked on each other.

In an embodiment of FIG. 7, the first inorganic film 101
has a groove (e.g., a predetermined groove) between the
second 1norganic patterns 102P. Such a groove (e.g., a
predetermined groove) may have any one of various shapes,
and as shown 1n FIG. 7, may have a boundary line spaced
apart from the second inorganic pattern 102P.

However, the current embodiment 1s not limited thereto.
In other words, as shown 1n FIG. 8, the boundary line of the
groove (e.g., the predetermined groove) of the first inorganic
film 101 may be coupled to a side surface of the second
inorganic pattern 102P.

Alternatively, the groove (e.g., the predetermined groove)
may be formed 1n the first mnorgamic film 101 1n any one of
other various shapes, for example, the boundary line of the
groove (e.g., the predetermined groove) of the first inorganic
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film 101 may be formed to pass over the side surface of the
second 1norganic pattern 102P.

In embodiments of FIGS. 7 and 8, the top surface of the
first inorganic film 101 where the slit S 1s located 1s partially
removed. Accordingly, a thickness of the first inorganic film
101 corresponding to the slit S 1n a region (e.g., a predeter-
mined region) 1s thinner than a thickness of the first 1nor-
ganic film 101 corresponding to the insulating pattern IP.

According to embodiments of FIGS. 9 through 14, an
organic film 107P for covering the insulating pattern IP 1s
turther included compared to embodiments of FIGS. 3 and

5 through 6.

Referring to FIG. 9, the organic film 107P covering the
top and side surfaces of the msulating pattern IP 1s further
included compared to an embodiment of FIG. 3, and refer-
ring to FIG. 10, the organic film 107P covering the top and
side surfaces of the second 1norganic pattern 102P included
in the sulating pattern IP 1s further included compared to
an embodiment of FIG. 5. Referring to FIG. 11, the organic
film 107P covering the top and side surfaces of the first and
second mnorganic patterns 101P and 102P included in the
insulating pattern IP 1s further included compared to an
embodiment of FIG. §.

Referring to FIG. 12, the organic film 107P covering the
top and side surfaces of the second inorganic pattern 102P
included 1n the insulating pattern IP 1s further included
compared to an embodiment of FIG. 6. Referring to FIG. 13,
the organic film 107P covering the top and side surfaces of
the second 1norganic pattern 102P included 1n the mnsulating
pattern IP 1s further included compared to an embodiment of
FIG. 7.

Referring to FIG. 14, the organic film 107P coverning the
top and side surfaces of the second morganic pattern 102P
included in the insulating pattern IP 1s further included
compared to an embodiment of FIG. 8.

In some embodiments, the orgamic film 107P may be
tformed to be coupled to at least one organic film 1included 1n
the central area CA. For example, the organic film 107P may
be located 1n the central area CA to cover a TFT, and may
be coupled to a passivation film that flattens unevenness
caused by the TFT. According to another embodiment, the
organic {ilm 107P may be coupled to a pixel-defining film
for defining an emission region by covering a part of a pixel
clectrode located on a passivation film. In other words, while
forming a passivation film or a pixel-defining film 1n the
central arca CA, the organic film 107P may be formed
together so as not to have to perform an additional process.

According to embodiments of FIGS. 9 through 14, even
when a remaining metal film 1s left on the side surface of the
second morganic pattern 102P, the organic film 107P covers
the remaining metal {ilm, and thus a short circuit generated
by the remaining metal film may be prevented.

FIGS. 15 and 16 are enlarged plan views of modified
examples of FIG. 2. For convenience of description, only
differences from the above-described embodiments will be
mainly described.

Referring to FIG. 15, a plurality of pads 106'c have
inclined shapes. For example, an angle 0, formed by an
extension line of the pad 106'a, for example, a center line of
the pad 106'a, and an edge of a substrate may be smaller than
90°. Also, an angle 0, formed by a boundary line of a slit S',
for example, a center line of the slit ', and the edge of the
substrate may be smaller than 90°.

In some embodiments, the angles 0, and 0, may be the
same. Accordingly, the pad 106'a and the nsulating pattern
IP are formed 1n parallel.
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In other embodiments, however, the inclined shapes of the
plurality of pads 106'c may vary. In other words, the angle
0, may be larger than 90°. In this case, the angle 0, may also
be larger than 90°.

Alternatively, the inclined shapes of the plurality of pads
106'a formed 1n one region of the substrate and the inclined
shapes of the plurality of pads 106'a formed in another
region of the substrate may be different from each other. In
other words, a plurality of the angles 0, may exist on one
substrate.

Alternatively, as shown n FIG. 16, dummy insulating
patterns DIP" and dummy slits DS" may be further formed
together with a plurality of pads 106"a and a plurality of slits
5". The dummy 1insulating patterns DIP" do not correspond
to the pads 1064", and are spaced apart from each other
across the dummy slits DS".

Inclined shapes of the pads 106"a and slits 53" are the same
as those of FIG. 15, and thus details thereof are not repeated.

Here, like the slits 5", the dummy slits 3" have inclined
shapes.

FIGS. 17 through 25 are cross-sectional views for
describing a method of manufacturing the display device
1000 of FIG. 1 based on a line b-b' of FIG. 1, according to
an embodiment of the present invention. A process of
manufacturing the insulating pattern IP according to an
embodiment of FIG. 3 1s included.

Retferring to FIG. 17, the substrate 100 1s prepared first.
The substrate 100 may be formed of any one of various
materials, and 1n some embodiments, may be formed of a
flexible material as described above. The first inorganic film
101 1s formed on the substrate 100. The first inorganic {ilm
101 may be functionally a buflfer film, wherein the builer
f1lm 1s formed on all of the central area CA of the substrate
100 including the display area DA, the non-display area
NDA, and the pad area PDA, and the peripheral region PA
around the cutting line CL 1ncluding the pad peripheral area
PPA. In other words, the bufler film may be formed on the
entire top surface of the substrate 100. Here, the substrate
100 may be the substrate 100 where one display device 1000
1s to be formed, or a mother glass where a plurality of the
display devices 1000 are to be formed.

The bufler film may be formed via one of various depo-
sition methods, such as a plasma enhanced chemical vapor
deposition (PECVD) method, an atomic pressure CVD
(APCVD) method, and a low pressure CVD (LPCVD)
method, by using S10, and/or SiN..

Referring to FIG. 18, a TF'T 1s formed in the display area
DA on the bufler film. The TFT formed on the display area
DA operates as a part of a pixel circuit. Here, the TFT may
also be formed on the non-display area NDA. The TFT
formed on the non-display area NDA may operate as a part
of a circuit included 1n a driver.

Herein, the TFT 1s a top gate type that includes an active
layer 102, a gate electrode 104, and source and drain
clectrodes 106s and 1064 sequentially from the bufler film.
However, a type of the TFT 1s not limited thereto, and the
TFT may be any one of various types, such as a bottom gate
type.

The active layer 102 1s formed on the bufler film, 1 a
pattern shape. The active layer 102 includes a semiconductor
material, for example, amorphous silicon or polycrystalline
silicon. However, an embodiment of the present invention 1s
not limited thereto, and the active layer 102 may include any
one of various matenals. In some embodiments, the active
layer 102 may include an organic semiconductor material.

In some embodiments, the active layer 102 may include
an oxide semiconductor material. For example, the active
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layer 102 may include G-I1-Z-O[(In,O;)a(Ga,O;)b(Zn0O)c],
wherein a, b, and ¢ are each a real number satistying 1DO,
and ¢>0. The active layer 102 may include, aside from
G-1-Z-0, for example, an oxide of a material selected from
group 12, 13, and 14 metal elements, such as zinc (Zn),
indium (In), gallium (Ga), tin (Sn), cadmium (Cd), germa-
nium (Ge), and hatnium (HI), or a combination thereof.

As described above, the current embodiment may include
a TFT 1n any one of various shapes, for example, may
include a TFT having a bottom gate structure. When the
active layer 102 includes an oxide or amorphous silicon, the
current embodiment may include the TFT having a bottom
gate structure.

The TFT having a bottom gate structure may have any one
ol various shapes, for example, the gate electrode 104 may
be formed on the substrate 100, the active layer 102 may be
tformed on the gate electrode 104, and the source and drain
clectrodes 106s and 1064 may be arranged on the active
layer 102. Alternatively, the gate electrode 104 may be
formed on the substrate 100, the source and drain electrodes
106s and 1064 may be formed on the gate electrode 104, and
the active layer 102 may be formed on the source and drain
clectrodes 106s and 106d. In this case, an insulating film, for
example, an morganic film, may be formed to contact at least
one of the gate electrode 104, the active layer 102, the source
electrode 106s, and the drain electrode 1064.

The active layer 102 includes source and drain regions
respectively contacting the source and drain electrodes 106s
and 1064, and a channel region located between the source
and drain regions. When the active layer 102 includes
amorphous silicon or polycrystalline silicon, an 1mpurity
may be selectively doped on the source and drain regions.

A gate msulating layer 103 1s formed on the active layer
102. The gate msulating layer 103 may be formed of a
multilayer or single layer formed of an inorganic material,
for example, silicon oxide and/or silicon nitride. The gate
insulating layer 103 insulates the active layer 102 and the
gate electrode 104 from each other.

The gate nsulating layer 103 may be one layer forming
the second 1norganic pattern 102P, and may be formed on the
entire central area CA of the substrate 100 including the
display area DA, the non-display area NDA, and the pad
areca PDA, and the peripheral area PA around the cutting line
CL including the pad peripheral areca PPA. In other words,
the gate insulating layer 103 may be formed on the entire
substrate 100. Here, the substrate 100 may be the substrate
100 where one display device 1000 1s formed, or a mother
glass where a plurality of the display devices 1000 are
formed.

The gate electrode 104 1s formed on the gate nsulating
layer 103, 1n a pattern shape. The gate electrode 104 1s
coupled to a gate line for applying an on/ofl signal to the
TFT. The gate electrode 104 may be formed of a low
resistance metal material, for example, may be formed 1n a
multilayer or single layer formed of a conductive material,
such as molybdenum (Mo), aluminum (Al), copper (Cu), or
titanium (11).

An nterlayer dielectric film 105 i1s formed on the gate
clectrode 104. The interlayer dielectric film 105 mnsulates the
source and drain electrodes 106s and 1064 and the gate
clectrode 104 from each other. The interlayer dielectric film
105 may be formed 1n a multilayer or single layer formed of
an organic material. For example, the mmorganic material
may be a metal oxide or a metal nitride, and the inorganic
material may include silicon oxide (S10,), silicon nitride
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titanium oxide (110,), tantalum oxide (Ta,O.), hainium
oxide (H1O,), and zinc oxide (ZrO.,).

The interlayer dielectric film 105 may be one layer
forming the second inorganic pattern 102P, and may be
formed on an entirety of the central area CA of the substrate
100 including the display area DA, the non-display area
NDA, and the pad area PDA, and the peripheral areca PA
around the cutting line CL 1ncluding the pad peripheral area
PPA. In other words, the iterlayer dielectric film 105 may
be formed on the entire substrate 100. Here, the substrate
100 may be the substrate 100 where one display device 1000
1s formed, or a mother glass where a plurality of the display
devices 1000 are formed.

Then, referring to FIG. 19, a contact hole CN'T 1s formed
in the gate insulating layer 103 and the interlayer dielectric
film 105, and at the same time, 1s patterned with respect to
the peripheral area PA.

The contact hole CNT 1s formed such that a surface (e.g.,
a predetermined surface) of the active layer 102 1s exposed.
The contact hole CN'T may later enable the source and drain
clectrodes 106s and 1064 to be electrically coupled to the
active layer 102. Meanwhile, while forming the contact hole
CNT, removing the gate msulating layer 103 and the inter-
layer dielectric film 105 in the peripheral area PA and
forming the msulating pattern IP 1n the pad peripheral area
PPA are concurrently (e.g., sitmultaneously) performed. In
other words, the gate insulating layer 103 and the interlayer
dielectric film 105 in the peripheral area PA around the
cutting line CL 1s also removed, and the slit S for forming
the insulating pattern IP 1s formed in the pad peripheral area
PPA. As such, according to an embodiment of the present
invention, the manufacturing process may be simplified
because a separate process for patterning the gate mnsulating
layer 103 and the interlayer dielectric film 105 in the
peripheral area PA may not be required.

Referring to FIG. 20, a metal layer 106/, for forming the
source and drain electrodes 106s and 1064, and the pad 1064
1s formed on the interlayer dielectric film 1035. The metal
layer 106/ may be formed as multiple layers or as a single
layer of a conductive material, such as Mo, Al, Cu, or 11, of
which electrical resistance 1s low.

Then, referning to FIG. 21, the metal layer 106/ 1s pat-
terned to form the source and drain electrodes 106s and
1064, and the pad 106a. The source and drain electrodes
106s and 106d respectively contact the source and drain
regions of the active layer 102 through the contact hole CN'T
formed 1n the interlayer dielectric film 105 and gate 1nsu-
lating layer 103. Also, the pad 1064 1s formed 1n the pad area
PDA.

Meanwhile, a remaining metal film 106p may be left on
side surfaces of morganic films of the pad peripheral area
PPA, for example, the gate insulating layer 103 and the
interlayer dielectric film 105, 11 a metal layer 1s not com-
pletely removed. The remaining metal film 106p may gen-
erate a short circuit while bonding the circuit board 200 on
which an external circuit 1s mounted to the pad 106a later.

Referring to FIG. 22, a passivation film 107 1s formed to
cover the TFT.

The passivation film 107 resolves a stepped portion
caused by the TF'T and flattens the top surface of the TFT,
thereby preventing a defect of an organic light-emitting
device (OLED) caused by bottom unevenness. The passi-
vation {1lm 107 may be formed in a single layer or multilayer
formed of an organic material. The organic material may
include a general commercial polymer, such as polymeth-
ylmethacrylate (PMMA) or polystylene (PS), a polymer
derivative having a phenol-based group, an acryl-based
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polymer, an imide-based polymer, an arylether-based poly-
mer, an amide-based polymer, a fluorine-based polymer, a
p-xylene-based polymer, a vinyl alcohol-based polymer, and
a combination thereof. Alternatively, the passivation film
107 may be formed of a complex stacked body of an
inorganic insulating film and an organic insulating film.

Then, the OLED 1s formed on the passivation film 107
referring to FIGS. 23 through 26.

A hole 107a that exposes one of the source and drain
clectrodes 106s and 1064, and an opening 1075 that exposes
the top surface of the pad 106qa are formed in the passivation
film 107. The hole 107a 1s a passage for electrically coupling
the TFT and the OLED that 1s formed later. Meanwhile, the
opening 1075 1s a passage for electrically coupling the pad
106a and the circuit board 200 on which an external circuit
1s mounted by exposing the pad 106a.

Next, the OLED 1s formed on the passivation film 107.
The OLED includes a pixel electrode 111, a counter elec-
trode 112 facing the pixel electrode 111, and an intermediate
layer 113 between the pixel and counter electrodes 111 and
112. A display device is classified mto a bottom emission
type, a top emission type, and a dual emission type accord-
ing to an emission direction of the OLED. In the bottom
emission type, the pixel electrode 111 1s a transmissive
clectrode and the counter electrode 112 1s a reflective
clectrode. In the top emission type, the pixel electrode 111
1s a reflective electrode and the counter electrode 112 1s a
semi-transmissive electrode. In the dual emission type, the
pixel electrode 111 and the counter electrode 112 are both
transmissive electrodes. In the current embodiment, an
organic light-emitting display device 1s a top emission type.

Referring to FIG. 23, the pixel electrode 111 may be
patterned 1n an island shape. Also, the pixel electrode 111
contacts the TFT included 1n the pixel circuit through a hole
of the passivation film 107. Meanwhile, the pixel electrode
111 may be formed to overlap the TFT such that the pixel
circuit below the pixel electrode 111 1s hidden.

The pixel electrode 111 includes a reflection electrode
layer, as well as a transparent electrode layer, such that light
may be reflected 1n a direction of the counter electrode 112.
When the pixel electrode 111 operates as an anode, the
transparent electrode layer may include at least one matenal
selected from the group consisting of a transparent conduc-
tive oxide having a high work function, such as an indium
tin oxide (ITO), an mdium zinc oxide (IZ0), a zinc oxide
(ZnO), an indium oxide (In,O;), an mdium galllum oxide
(IGO), and an aluminum zinc oxide (AZQO). The reflection
clectrode layer may include a metal having high reflectivity,
such as silver (Ag).

Also, a pixel-defiming film 109 1s formed on the passiva-
tion film 107. The pixel-defining film 109 may be formed of
at least one organic insulating material selected from the
group consisting of polyimide, polyamide, acrylic resin,
benzocyclobutene, and phenol resin, via a spin coating
method or the like. The pixel-defining film 109 includes an
opening 109aq that covers an edge and opens at least a center
portion of the pixel electrode 111. A region limited by the
opening 109a corresponds to an emission region and the
intermediate layer 113 1s formed 1n the region.

Then, referring to FI1G. 24, the first inorganic film 101 in
the peripheral area PA 1s patterned.

Although not illustrated, the first inorganic film 101 that
1s exposed around the cutting line CL 1s removed, and with
respect to the pad peripheral areca PPA, the first inorganic
film 101 1s removed so as to form the slit S that exposes the
top surface of the substrate 100. Accordingly, in the pad
peripheral area PPA, the insulating patterns IP each includ-
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ing the first mnorganic pattern 101P and the second inorganic
pattern 102P may be formed across the slit S where the
substrate 100 1s exposed.

While patterning the first inorganic film 101, side ends of
the gate insulating layer 103 and the interlayer dielectric film
105 and a side end of the first morganic film 101 may be
matched. In this case, a remaining metal film on the side
surface of the second inorganic pattern 102P may be
removed while patterning the first inorganic film 101. As
such, by removing the remaining metal film of the pad
peripheral area PPA, a short circuit may be prevented (or
substantially prevented), which may improve the reliability
of the display device 1000.

In the current embodiment, the insulating pattern IP may
be formed by using the first inorganic film 101 operating as
a bufler film, the gate insulating layer 103, and the interlayer
dielectric film 105. Although not illustrated, when the TEFT
according to the current embodiment has a bottom gate
structure as described above, for example, when an active
layer including an oxide semiconductor material 1s formed,
the msulating pattern IP may be formed by using the first
inorganic film 101 operating as a bufler film, a gate 1nsu-
lating layer to be located between an active layer and a gate
clectrode, and a passivation film that may be formed on
source and drain electrodes.

Alternatively, the current embodiment may include the
TFT having any one of various shapes, and 1n this case, the
insulating pattern IP may be formed by extending an insu-
lating layer 1n any one of various types, which 1s adjacent to
or directly contacts an active layer, a gate electrode, and
source and drain electrodes.

Then, referring to FI1G. 25, the intermediate layer 113 1s
formed 1n the emaission region. The intermediate layer 113
includes an organic emission layer emitting red, green, or
blue light, wherein the orgamic emission layer may be
formed of a low molecular organic material or a high
molecular organic material. When the organic emission
layer 1s a low molecular organic layer formed of a low
molecular organic material, a hole transport layer (HTL) and
a hole mjection layer (HIL) are located 1n a direction of the
pixel electrode 111, and an electron transport layer (ETL)
and an electron injection layer (EIL) are stacked in a
direction of the counter electrode 112 based on the organic
emission layer. Here, any one of various layers other than an
HTL, an HIL, an ETL, and an EIL may be further stacked
if required.

Meanwhile, organic emission layers may be separately
formed according to an organic light-emitting device. In this
case, the organic emission layers may each emit red, green,
or blue light according to an organic light-emitting device.
However, an embodiment of the present invention 1s not
limited thereto, and an organic emission layer may be
commonly formed on an entire surface of an organic light-
emitting device. For example, a plurality of organic emis-
sion layers emitting red, green, and blue lights may be
perpendicularly stacked or mixed to emit a white light. Here,
a combination of colors for emitting a white light 1s not
limited to the above description. However, 1n this case, a
color converting layer or a color filter for converting the
white light into another color (e.g., a predetermined color)
may be separately included.

Next, the counter electrode 112 1s formed to cover an
entire surface of the substrate 100. The counter electrode 112
may be formed of a conductive inorganic material. When the
counter electrode 112 operates as a cathode, the counter
clectrode 112 may be formed of a metal having a low work
function, such as lithium (1), calcium (Ca), lithium fluo-
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ride/calcium (LiF/Ca), lithtum fluoride/aluminum (LiE/Al),
aluminum (Al), magnesium (Ag), or silver (Ag), or a thin
film of the metals for light penetration. The counter elec-
trode 112 may be formed as a common e¢lectrode on an entire
surface of the display areca DA where an 1mage 1s realized.
Here, the counter electrode 112 may be formed via an
evaporation process that may not damage the intermediate
layer 113. Meanwhile, polarities of the pixel electrode 111
and the counter electrode 112 may be switched with each
other. The display device 1000 1s finally completed by
forming the counter electrode 112.

Although not illustrated, an 1nsulating capping layer may
be further formed on the counter electrode 112. The insu-
lating capping layer may maintain a work function of the
counter electrode 112 and prevent an organic material
included in the intermediate layer 113 from being damaged
while forming an encapsulation thin film via a sputtering
process or a PECVD process. The msulating capping layer
1s a selective component and may not be included.

Then, although not 1llustrated, the OLED may be sealed
by a sealing film to block external moisture or external air.
The sealing film may have a thin film shape, wherein, for
example, a film formed of an inorganic material, such as
S10_ or S1N_, and a film formed of an organic material, such
as epoxy or polyimide, are alternately stacked on each other.
However, alternatively, the sealing film may include a film
formed of low melting glass.

By sealing the OLED by using the sealing film, the
display device 1000 may have an overall flexible character-
istic. Accordingly, the display device 1000 according to
some embodiments of the present invention may be bent,
folded, and rolled.

However, the current embodiment 1s not limited thereto,
and a sealing member formed of any one of other various
materials may be formed on the OLED.

FIGS. 26 and 27 are cross-sectional views for describing
a method of manufacturing the display device 1000 of FIG.
1 based on the line b-b' of FIG. 1, according to another
embodiment of the present invention. In FIGS. 26 and 27, a
process of manufacturing the insulating pattern IP according,
to an embodiment of FIG. 5 1s included.

According to FIG. 26, while patterning the first inorganic
film 101 1n the peripheral area PA, the gate imsulating layer
103 and the interlayer dielectric film 105 may not com-
pletely cover the top surface of the first inorganic film 101,
1.€., the first inorganic film 101 may protrude farther than
ends of the gate imsulating layer 103 and the interlayer
dielectric film 105.

Meanwhile, 1n a process ol manufacturing the nsulating
pattern IP according to an embodiment of FIG. 6, a process
of patterning the first inorganic film 101 1s omitted from the
method of FIGS. 17 through 25, and overlapping descrip-
tions will not be repeated here.

Meanwhile, 1n a process of manufacturing the msulating
pattern IP according to an embodiment of FIGS. 7 and 8, a
process of patterning a part of the first inorganic film 101 1s
included 1n the method of FIGS. 17 through 25, and over-
lapping descriptions will not be repeated here.

FIGS. 28 through 31 are cross-sectional views for
describing a method of manufacturing the display device
1000 of FIG. 1 based on the line b-b' of FIG. 1, according
to another embodiment of the present invention. In FIGS. 28
through 31, a process of manufacturing the insulating pat-
tern IP according to an embodiment of FIG. 10 1s included.

Referring to FIG. 28, while forming the passivation film
107, the passivation film 107 may also cover the top and side
surfaces of the second inorganic pattern 102P in the pad
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peripheral area PPA. Accordingly, the remaining metal film
that may be left on the side surface of the second 1norganic
pattern 102P may be covered by the passivation film 107,
thereby preventing a short circuit.

FIG. 29 1llustrates a process of forming the pixel-defining
f1lm 109 like 1 FIG. 23, and FIG. 30 illustrates a process of
patterning the first mnorganic film 101 1n the peripheral area
PA like 1n FIG. 24. In FIG. 30, the side end surfaces of the
gate msulating layer 103 and the interlayer dielectric film
105 and the side end surface of the first imnorganic film 101
are patterned not to match each other, such that the top
surface of the first morganic film 101 1s partially exposed,
unlike i FIG. 24. FIG. 31 illustrates processes of forming
the intermediate layer 113 and the counter electrode 112 like
in FIG. 25.

Meanwhile, also in embodiments of FIGS. 9 and 11
through 14, processes of covering at least the second 1nor-
ganic pattern 102P by the organic film 107P described above
with reference to FIGS. 28 through 31 are further added, and
overlapping descriptions are not repeated here.

Characteristics of the display device 1000 according to an
embodiment of the present invention will now be described
in more detail with reference to FIGS. 32 through 36.

FIG. 32 1s a plan view schematically illustrating the
display device 1000 according to a comparative example.
FIG. 33 1s an enlarged plan view of a region VII of FIG. 32.

In FIG. 32, the circuit board 200 on which an external
circuit 1s mounted 1s bonded to the pad 106a. On the circuit
board 200, chips for transmitting various types of power or
clectric signals to the display area DA are mounted. The
chips are not shown in FIG. 32. The circuit board 200
includes the wires 1061 for coupling the chips and the pads
106a of the substrate 100. Here, by bonding the wires 1061
to the pads 106qa, various types of power or electric signals
output from the chips may be transmitted to the display area
DA through the pads 106a.

Referring to FIG. 33, when the mnsulating pattern 1P and
the slit S are not included 1n the pad peripheral area PPA, an
impurity, a particle, or a remaining metal film remaining
while forming a metal film may be left, and due to such a
remaining metal film, the wires 1061 may be clectrically
shorted, thereby generating a short circuit.

FIG. 34 1s a plan view schematically illustrating the
display device 1000 according to an embodiment of the
present invention, FIG. 35 1s an enlarged plan view of a
region IX of FIG. 34, and FIG. 36 1s a cross-sectional view
taken along a line Q-Q' of FIG. 35.

Referring to FIGS. 34 and 36, the current embodiment 1s
substantially similar to the comparative example in that the
circuit board 200 includes the wires 1061, but 1s diflerent
from the comparative example 1n that the isulating pattern
IP and the slit S are located 1n the pad peripheral area PPA
of the substrate 100.

Referring to FIG. 35, because the insulating pattern IP and
the slit S are arranged 1n the pad peripheral area PPA, even
when a remaining metal film 1s left on a side surface of an
inorganic {ilm removed to form the slit S, the wires 1061 are
not electrically shorted by the remaining metal film. In other
words, the wires 1061 are arranged correspondingly to the
insulating pattern IP or the slit S 1s arranged between the
wires 1061. As shown in FIG. 36, the wires 1061 may extend
on the insulating pattern IP, for example, on the second
inorganic pattern 102P of the insulating pattern IP.

Accordingly, a short circuit, like in the comparative
example, may not be generated.

As described above, according to the one or more of the
above embodiments of the present invention, 1 a display
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device, a short defect 1s prevented (or substantially pre-
vented) while bonding a circuit board on which an external
circuit 1s mounted.

While one or more embodiments of the present invention
have been described with reference to the figures, 1t will be
understood by those of ordinary skill 1n the art that various
changes 1n form and details may be made therein without
departing from the spirit and scope of the present mnvention
as defined by the following claims.

What 1s claimed 1s:

1. A display device comprising:

a central area having a display area on a substrate;

a peripheral area around the central area;

a plurality of pads 1n a pad area;

a plurality of msulating patterns adjacent the plurality of
pads and 1n a pad peripheral area between the plurality
of pads and an edge of the substrate, the plurality of
insulating patterns extending from the pad area to the
edge of the substrate; and

a slit between the plurality of insulating patterns in the
peripheral area and extending to the edge of the sub-
strate.

2. The display device of claim 1, wherein the plurality of
pads each comprise an extension line, and wheremn the
plurality of msulating patterns overlap the extension lines.

3. The display device of claim 1, wherein the plurality of
insulating patterns comprise an inorganic material.

4. The display device of claim 1, further comprising an
organic {ilm covering an uppermost surface and at least one
region of a side surface of the plurality of insulating patterns.

5. The display device of claim 1, wherein the peripheral
area comprises a region exposing a top surface of the
substrate.

6. The display device of claim 5, wherein the peripheral
area comprises a pad peripheral area adjacent to the plurality
of pads and comprises the plurality of insulating patterns and
the slit, and wherein the region exposing the top surface of
the substrate 1s adjacent to the pad peripheral area.

7. The display device of claim 5, wherein the region
exposing the top surface of the substrate 1s adjacent to an
edge of the substrate.

8. The display device of claim 1, wherein an edge of the
substrate 1s defined by a cutting line.

9. The display device of claim 1, wherein at least one
inorganic {ilm 1s 1 a central area of the substrate.

10. The display device of claim 9, wherein the plurality of
insulating patterns have a shape coupled to the at least one
inorganic {ilm.

11. The display device of claim 9, wherein the plurality of
pads are on the at least one inorganic film.

12. The display device of claim 9, wherein the at least one
iorganic {ilm comprises a plurality of layers.

13. The display device of claim 1, wherein the plurality of
insulating patterns comprise a plurality of inorganic patterns
stacked on each other.

14. The display device of claim 13, wherein the plurality
ol isulating patterns comprise a first 1norganic pattern, and
a second 1norganic pattern on the first inorganic pattern.

15. The display device of claim 14, wherein a top surface
of the first inorganic pattern 1s completely covered by the
second 1norganic pattern.

16. The display device of claim 14, wherein a top surface
of the first 1norganic pattern has an exposed region.

17. The display device of claim 14, further comprising an
organic {ilm covering at least a top surface and a side surface
of the second morganic pattern of the plurality of insulating
patterns.
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18. The display device of claim 1, wherein a first 1nor-
ganic 11lm 1s between the plurality of insulating patterns and
the substrate.

19. The display device of claim 18, wherein a groove 1s
formed 1n a region of the first inorganic film that 1s removed
such that a groove 1s formed 1n a region of the {irst tnorganic
film overlapping the slit.

20. The display device of claim 18, further comprising an
organic {ilm covering at least a top surface and a side surface
of the plurality of insulating patterns while not covering a
portion of the first inorganic film corresponding to the slit.

21. The display device of claim 1, further comprising, in
the central area:

a bufler film on the substrate; and

a plurality of thin-film transistors (TFTs) on the butler

film and comprising an active layer, a gate electrode, a
source electrode, and a drain electrode,

wherein at least one insulating film 1s adjacent to at least

one of the active layer, the gate electrode, the source
electrode, and the drain electrode, and

the plurality of insulating patterns are a same material as

the at least one insulating film.

22. The display device of claim 21, wherein the plurality
of insulating patterns and the at least one msulating film are
coupled to each other.

23. The display device of claim 21, wherein the at least
one insulating film comprises at least one of a bufler film
formed on the substrate, a gate insulating layer insulating the
gate electrode and an active layer, or an interlayer dielectric
film insulating the source and drain electrodes and the gate
clectrode.

24. The display device of claim 21, wherein the at least
one 1nsulating film comprises at least one of a bufler film
formed on the substrate, a gate insulating layer insulating the
gate electrode and an active layer, or a passivation film
formed on the source and drain electrodes.

25. The display device of claim 21, further comprising an
organic film covering the plurality of TFTs, wherein the
organic film covers at least one region of an uppermost
surface and a side surface of the plurality of insulating
patterns.

26. The display device of claim 21, further comprising:

a pixel electrode electrically coupled to at least one of the

plurality of TFTs; and

a pixel-defining film covering a portion of the pixel

clectrode and defining an emission region,

wherein the pixel-defining film covers at least one region

of an uppermost surface and a side surface of the
plurality of msulating patterns.

277. The display device of claim 26, further comprising a
counter electrode facing the pixel electrode,

wherein an organic emission layer 1s between the pixel
clectrode and the counter electrode.
28. The display device of claim 1, wherein the substrate
comprises a flexible matenal.
29. The display device of claim 1, further comprising:
dummy insulating patterns spaced apart from the plurality
of insulating patterns, wherein the dummy insulating
patterns do not correspond to the plurality of pads; and
a dummy slit between the dummy insulating patterns,
wherein a portion of the dummy 1nsulating patterns 1s
removed in the peripheral area to form the dummy slit.
30. The display device of claim 1, wherein an angle
formed by an extension line of the plurality of pads and an
edge of the substrate 1s smaller or larger than 90° such that
the plurality of pads have a slant shape, and
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an angle formed by an extension line of the slit and the
edge of the substrate 1s smaller or larger than 90° such
that the slit has a slant shape.

31. The display device of claim 30, wherein the angle
formed by the extension line of the plurality of pads and the
edge of the substrate 1s the same as the angle formed by the
extension line of the slit and the edge of the substrate.

32. The display device of claim 1, further comprising a
circuit board on which an external circuit 1s mounted such
that an electric signal i1s transmitted to the display area,

wherein a plurality of wires of the circuit board are

coupled to the plurality of pads.

33. The display device of claim 32, wherein the plurality
of wires of the circuit board are on the plurality of insulating
patterns, and are spaced apart from the slit.
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